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Highly Resistive Failure o*na-Alabat Link

In December 2023, just before the Christmas holidays, an
Island community was plunged into a blackout. The cause was
identified as faults on Phases A and B of the submarine

cable connecting Roma, Quezon, to Alabat Island.
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WESTCO can transform your maintenance program
from reactive firefighting to proactive
failure prevention.

Contact WESTCO now to learn how our rigorous
Testing expertise can reinforce the integrity of your
critical infrastructure, turning maintenance from a
necessity into a strategic advantage for continuous,
reliable power.

www.westco-phil.com/

Engineered for a Secure Future

@ The Solution

To overcome the challenge of the highly resistive fault, the
maintenance team employed a specialized two-step
technique: the Impulse Current Method (ICM), combining a
Surge Generator with a TDR.

THE SOLUTION: TWO-STEP TECHNIQUE FOR HIGHLY RESISTIVE FAULT LOCATION (ICM + TDR)

STEP 1: HIGH-VOLTAGE IMPULSE GENERATION
(SURGE GENERATOR)

ﬁ COUPLING ICM COUPLING

HIGH-VOLTAGE IMPULSE
(ARC CREATION)

HIGHLY RESISTIVE FAULT

SURGE GENERATOR

TDR
(TIME DOMAIN REFLECTOMETER)

TDR analyzes the transient echo
generated by the impulse to
pinpoint the fault location.

TRANSIENT ECHO
(FAULT DISTANCE)

OVERALL ICM TECHNIQUE (IMPULSE CURRENT METHOD)

By combining the high-energy impulse of the Surge Generator to initiate an arc at the highly resistive fault, the TDR can
capture the resulting transient echo, allowing for accurate fault distance determination, even in wet environments.
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The Challenge / Assessment After Testing
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o o Initial Fault Classification: An Insulation Resistance

Test showed high resistance readings, classifying the Q 0 Fault lgnition (Surge Generation): A Surge

Generator was used to provide a high-voltage
transient (impulse) to the faulty phases. The
primary goal was to "ignite" or "burn” the high-
resistive fault, causing it to momentarily break
down and become a low-resistive fault (an arc).

faults as highly resistive due to moisture or seawater
ingress that had not yet caused a complete short circuit

(O Phase A: 382.7 0
(O Phase B:383.80Q

FAULT IGNITION (SURGE GENERATION)
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o @ Limitation of Standard Tools: The highly resistive
fault concluded that the standard Time Domain 0 ° @ Location Capture (TDR): Immediately after the
Reflectometer (TDR) alone cannot be utilized as a impulse caused the fault to become
Fault Localization method. TDR is typically effective low-resistive, the integrated TDR Captured the
only for low-resistive faults (e.g., <300 Q) and is electrical reflection, providing a precise distance
insufficient for accurate fault pre-location. Since the reading to the fault location.
fault is highly resistive and the condition involves a
wet environment, the Impulse Current Method (ICM) O The TDR first established the total electrical
was used to pre-locate the fault distance. length of the cable: 1,243 meters

O ICE method indicates pre-located distance of 105
m from Roma end and 1155 m from Alabat end.
Pinpointing at these pre-located distances through
actual visual inspection was conducted and

DIAGRAM: LIMITATION OF STANDARD TDR & USE OF ICM FOR HIGHLY RESISTIVE FAULTS
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TDR DEVICE (INTEGRATED) STEP 1: LOCATION CAPTURE (TDR)

IMPULSE CAUSES LOW-RESISTIVE FAULT, LOW-RESISTIVE
TDR CAPTURES REFLECTION FOR DISTANCE. FAULT

RESISTANCE (>300 0)

NO CLEAR
REFLECTION

UNDERGROUND CABLE

TDR DEVICE (INTEGRATED)

ACCURATE «+— FAULT ECHO
PRE-LOCATION
(TRANSIENT
SIGNAL)
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TDR alone is insufficient for — .',
accurate fault pre-location. T ——
HIGHLY RESISTIVE FAULT HIGHLY RESISTIVE FAULT RESISTANCE FAULTS L : |
(WET ENVIRONMENT) (WET ENVIRONMENT) -nuu A END ' L SCTRO P il CUMRIERD ' ALABAT END
(0 m) (1,243 m)

CONCLUSION: Due to high resistance and wet conditions, ICM is required for
precise fault distance pre-location, overcoming TDR limitations.

STEP 3: ICM METHOD PRE-LOCATION & PINPOINTING
105 m

[~ PRE-LOCATED DISTANCE FINAL FAULT LOCATION

.
' (FROM ROMA END) (RABTE0) | () etz
{0m) (1,243 m) O\ CONFIRMS FAULT AT
r 1155 m PINPOINTED DISTANCE.

PRE-LOCATED DISTANCE '
(FROM ALABAT END)
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BILATERAL PRE-LOCATION DIAGRAM (ICM METHOD)

SUBMARINE CABLE (ROMA-ALABAT)

< >
| ROMA, QUEZON END | | ALABAT ISLAND END |
=a ﬂl -]
; ICM IMPULSE & TOR REFLECTION ﬁ ICM IMPULSE & TDR REFLECTION .
oooo 110 . ‘ : ‘ cooo & G
icM TR ¢ PRELOCATED >  OVERLAPZONE | ¢  PRE-LOCATED » cMm__ TOR
TESTSET DEVICE DISTANCE: 105 m (SEARCH TEAM AREA) DISTANCE: 1155 m TESTSET DEVICE

TOTAL CABLE LENGTH: 1,243 m

ICM performed from both ends confirms the fault location within the overlap zone,
guiding the search team for precise localization.

@ Bilateral Pre-location: The ICM method was
successfully performed from both
ends of the cable (Roma, Quezon, and Alabat Island)

:"&'\ . .
%3 The Impact to maximize accuracy and create an overlap zone
T for the search team.

The team calculated the distance from the Roma end using the

?} Technical Result: Alabat reading: 1,243m -1,174m = 69m. The narrow margin
between the two readings (69m and 111.8m) established a
focused target area for the subsea repair crew.

& {r Precision and Efficiency: The use of the ICE Roma End Alabat End
method successfully converted a complex highly ) “'EE:'""}
resistive fault into a manageable low-resistive one, IO o~ oo RNV
providing an actionable location zone. e =iy = SERe aoe s damaa Total Cable Length: 1,243m - -------ocoooooooooo- g

LHnma Distance Calculation: 1,243m (Total) - 1,174m (Alabat Reading) = Eﬂmh, :
PRECISION & EFFICIENCY: ICM FAULT CONVERSION DIAGRAM T —— f ___ —rr Reading 2
111.8m (Calculated from Alabat):
STAGE 1: COMPLEX HIGHLY RESISTIVE FAULT STAGE 2: MANAGEABLE LOW-RESISTIVE FAULT Focused Target Area 69m
(ACTIONABLE ZONE) (Narrow Margin: 69m - 111.8m)
HIGHLY RESISTIVE FAULT (53 LOW-RESISTIVE FAULT =1 1943 H{Fr"a ﬂistﬂﬁ E?,laﬁ“:]a“%": ding) \
: e ,243m (Total) - 1,174m (Alabat Reading &
(300 0) | . o 7 | . Z69m Subsea Repair Crew

: Deployment Zone
.:uE ploy

‘ . Precise localization allows for efficient repair operations
ICM METHOD
APPLICATION

(HIGH-VOLTAGE

IMPULSE)

-~ ACTIONABLE *= Y
LOCATION ZONE

PRECISE FAULT
LOCATION

The ICM method successfully converted the complex fault,
providing a clear and manageable target for repair teams.
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& 9 Final Location Accuracy: The final fault location

(&> was found at 83 meters from the reference point, a

distance falling precisely within the projected range
established by the bilateral pre-location data.
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The final fault location was found at 83 meters from the
reference point, a distance falling precisely within the projected
range established by the bilateral pre-location data.

$ Method Validation: The entire process validated
Q the efficacy of using a combination of Insulation
Resistance Test, TDR, and the Impulse Current

Method for locating difficult faults.

83m
FINAL FAULT LOCATION: 83 METERS

METHOD VALIDATION PROCESS iy, ~ Business Result:
FOR LOCATING DIFFIGULT FAULTS

. - - . -
K :: . S, A, Service Restoration: The cable was successfull

o . ° ieved ired, and b d.p g

1. INSULATION 2 TDR 3 IMPULSE o~ retrieved, repaired, and re-submerged. Power was
RESISTANCE (TIME DOMAIN CURRENT restored to the island community before the

TEST REFLECTOMETRY) METHOD ¢

(INITIAL SCREENING) (PRELIMINARY LOCATION) (PRECISE PINPOINTING) New Year of 2024.
METHOD VALIDATION:
EFFICACIOUS COMBINATION CONFIRMED SERVICE RESTORATION DIAGRAM

SUCCESSFUL LOCATION

1. CABLE RETRIEVAL 2. REPAIR OPERATION |} 3. RE-SUBMERGENCE 4. POWER RESTORED
OF DIFFIGULT FAULTS , |

(BEFORE NYE 2024)

O

B i POWER ON

B T —

’ Faults repaired,
s

= Repaired cable 7
deployed to seabed.

ections replaced.

# r

Cable retrieved 4. POWER RESTORED
from seabed. (BEFORE NYE 2024)

DECEMBER 2023 - SUCCESSFUL RESTORATION
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Conclusion

This case study demonstrates the critical role of
advanced cable fault location techniques in

maintaining essential infrastructure. By strategically Economic Continuity: Preventing a prolonged
deploying the Impulse Current Method, the technical O [Il] blackout during the critical holidaseason

team was able to overcome the inherent limitations of
standard equipment. The efficient location and repair of
the cable not only resolved a major operational
challenge but also successfully achieved the crucial
goal of restoring essential power to the community in
time for the New Year, underscoring the value of

' T;';:-"-'_'_-. __
specialized diagnostics in high-stakes infrastructure ,._I,:*'EGGNDM.C‘"*;
= CONTINUITY 5=

maintenance. (PREVENTED
\, BLACKOUT) /

protected local businesses, tourism, and
essential services from seveeconomic disruption.

ECONOMIC CONTINUITY: HOLIDAY SEASON BLACKOUT PREVENTION

ADVANCED CABLE FAULT LOCATION CASE STUDY: MAINTAINING ESSENTIAL INFRASTRUCTURE I 4.
SHOP 2 +

CRITICAL INFRASTRUCTURE CHALLENGE = SE ﬁ 858 ﬁ ggg (ChoceRY
Major Operational Challenge Gl ) SRS | E! | 1 - i ﬁ E LT o

standard Equipment Limitations

- e e B e p— T - — ——

OCAL BUSINESSES PROTECTED ~ TOUR RISM SUSTAINED ESSENTIAL SERVICES MAINTAINED
. N Uninterrupted Sales, Supply Visitor Numbers High, Revenue Healthcare Operations, Public
STRATEGIC DEPLOYMENT: Chain Stable, Job Security Flow, Positive Reputation Safety, Food Access Reliable

5

RESOLUTION & RESTORATION
Resolved Operational Challenge

RESTORED ESSENTIAL POWER TO
COMMUNITY (IN TIME FOR NEW YEAR)

SEVERE ECONOMIC
DISRUPTION AVOIDED

EFFICIENT LOCATION & REPAIR
Overcome Limitations
Precise Fault Pinpointing

Rapid Repair

r ADVANCED TECHNIQUES

IMPULSE CURRENT
METHOD (ICM)

VALUE OF SPECIALIZED DIAGNOSTICS
High-Stakes Infrastructure Maintenance
Ensuring Reliability & Community Well-being

Successful Outcome

Enhanced Reliability: The successful repair
O % ensured the continued stability of the island's
© single point of power delivery, boosting the
operator's credibility and compliance with service

obligations.

CONCLUSION: ADVANCED CABLE FAULT LOCATION & INFRASTRUCTURE MAINTENANCE
ADVANCED TECHNIQUES

ms @

MAINTAINING ESSENTIAL

TOR, KCM, & More " INFRASTRUCTURE DIAGRAM: ENHANCED RELIABILITY THROUGH SUCCESSFUL REPAIR
STRATEGIC DEPLOYMENT

(33, BOOSTED OPERATOR |

Impulse Current CREDIBILITY
Method (ICM) : _ |

TRUST & REFUTATION UP .:

( 3b. COMPLIANCE WITH |
SERVICE OBLIGATIONS

1. SUCCESSFUL REPAIR 2. CONTINUED
(SINGLE POWER LINK) ISLAND STABILITY
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